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<Command type="ShowFlight"> / 
<slot type="Flight7> 

</command> 

<object type="Flight"> 

<slot type="Time" name="Depart7> 
<slot type="Time" name- "Arrival 7> 
<slot type="City" name="Depart7> 
<slot type="City" name="Arrival7> 

</object> 

FIG. 2B 



1 . <ShowFlight>— ► <ShowFlightCmd><ShowFlightProperties> 

2. <ShowFlightProperties>-^ <ShowFlightProperty><Opt.><ShowFlightProperties> 

3 . <ShowFlightProperty>-^ <ShowFlightPreFlight><Flight><ShowFlightPostFlight> 

4. <Flight> — ► <FlightProperties> 

5. <FlightProperties>— ► <FlightProperty><Opt.><FlightProperties> 

6. <FlightProperty> — ► <FlightPreDepartureCity><City><FlightPostDepartureCity> 

7. <FlightProperty>— ► <FlightPreArrivalCity><City><FlightPostArrivalCity> 

8. <FlightProperty>-^<FlightPreDepartureTime><Time><FlightPostDepartureTime> 

9. <FlightProperty>— ► <FlightPreArrivalTime><Time><FlightPostArrivalTime> 



FIG. 2C 
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"Flight from Seattle to Boston" 

<ShowFlight> 
<Flight> 

<City name = "Arrival"> 

<Boston> 
</City> 

<City name = "Departure"> 

<Seattle> 
</City> 
</Flight> 
</ShowFlight> 



FIG. 2D 



Example 


Possible Preterminals 


From 


ShowFlightCmd 


FlightPreDepartureCity 


Flight from 


ShowFlightCmd 


FlightPreDepartureCity 


Flight to 
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FlightPreArrivalCity 


FIG. 2F 



Possible Re-write Rule 


Count 


Probability 


C 


SFCmd-> e (empty set) 


1/2+1/3+1/3=7/6 


7/18 


7/10 


SFCmd— » from 


1/2=3/6 


3/18 


3/10 


SFCmd-+ flight 


1/3+1/3=4/6 


4/18 


• 
• 


SFCmd-> flight from 


1/3=2/6 


2/18 


• 


SFCmd-> flight to 


1/3=2/6 


2/18 




FPDCity-)- s 


1/2+1/3=5/6 
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FPDCity-> from 


1/2+1/3=5/6 


5/12 




FPDCity-> flight from 


1/3=2/6 
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1/3=1/3 
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FIG. 2G 



ENUMERATE ALL POSSIBLE 
SEGMENTATIONS 
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ASSIGN ALL SEGMENTATIONS 
THE SAME PROBABILITY 
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ASSIGN NEW EXPECTED COUNTS TO 
ENUMERATED SEGMENTATIONS BASED ON 
OCCURRENCES IN EXAMPLES 



310 

W 



I 



NORMALIZE COUNTS TO 
OBTAIN NEW PROBABILITIES 
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PROVIDE SEGMENTATIONS AND 
PROBABILITITES TO PRUNING COMPONENT 
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PRUNE SEGMENTATIONS 
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REVISE ENUMERATED RULES TO OBTAIN 
FINAL RULES BASED ON PRUNED 
SEGMENTATIONS 



ShowFlightCmd-»s 
ShowFlightCmd->show 
ShowFlightCmd— »show me 
ShowFlightCmd->show me the 
ShowFlightCmd^show me the flight 



FIG. 5 



STATISTICAL MODEL PORTION 
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STATISTICAL MODEL FOR 
SLOT TRANSLATIONS 
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<command name="NewAppt"> 

<slot type="Person" name=" Attendee 5 7> T7T/^ H 

<slot type="Time" name="StartTime7> ° rlCj. / 

</command> 



<C_NewAppt> + <NewApptCmd> {<NewApptProperties>} 
<NewApptProperties> <NewApptProperty> 

{ <NewApptProperties> } 
<NewApptProperty> <NewApptAttendeeProperty> | 

<NewApptStartTimeProperty> 
<NewApptAttendeeProperty> + 

{<PreAttendee>} <Person> {<PostAttendee>} 
<NewApptStartTimeProperty> 

{<PreStartTime>} <Time> {<PostStartTime>} 



<NewAppt> 

<Attendee type="Person">Peter</Attendee> FTCr 9 

<StartTime type='Time">five</StartTime> * 
</NewAppt> 



<NewApptCmd> -> new meeting 
<PreAttendee> -> with 



FIG. 10 
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Initialize the model X with uniform parameterization 
do { 

foreach NT-»a in X 

Compute the expected count C(NT-»a) with dynamic programming 
foreach NT, set its n-gram parameters in the new model A,': 
Partition all the rules for NT into training and held-out sets; 
For the rules NT-»a in the training set, train the n-gram model for 
ATT using a with the expected count C(NT-»a) 
Estimate the model smoothing parameters with the held-out counts 

via 

deleted interpolation. 
} while (Perplexity(Sample \X) - Perplexity(Sample | A,') > threshold) 
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<task name = "ShowFlight"> 

<slot type = "City" name = "ACity"/> 
<slot type = "City" name = "DCity"/> 

</task> 

<task name = "GroundTransport"> 

<slot type = "City" name = "City"/> 

<slot type = "Transport Type" name = "TType"/> 
</Task> 



FIG. 16 



P(ShowFlight) 




^ ShowFlight 



P(GroundTransport) 



*( GroundTransport 




FIG. 17A 



ShowFlightCmd 



Pr(ACity|<s>) 



•P(DCity|<s>)' 




PreDCity 



City 



PostDCity 



P(</s>|DCity) 



•P(DCity|ACity)- 



■P(ACity | DCity)- 



PreACity 



} 



City 



K 



PostACity 



P(</s>|ACity) 



FIG. 17B 



(T)— » (^ShowFlightCmd) - ^PreDCity^ 
Show Flights to 



Boston 



<2> 



- ( PostACity"^ 



Seattle 
City 



City [4t{P 0StDCit y^ 



to 



{ PreACity > ^ 



FIG. 17C 



P(</s>|a):e 



G 



P(b|<s: 



P(a|<s>):a 



X a H- 



P(b|a 



):b 



:b 



B(a):e 
PVa):a 



7 <Dm^& 

V P(b|b):b j [ P(b):bJL 



© 



\P(</s>):e 



l-P(a)-P(b)-P(</s>):Unif 

I 



Unif: 




(a) 

FIG. 18A 



(b) 

FIG. 18B 



1 -P( c)-P(d)-P (</s>):Unif 

/P(c|c):c^k P^cY' 



P(c|<sp):c 



P(</s>):e 



P(c|d 



P[d):d 
J 

"B(d):e 



© 



P(</s>|d):e 



(c) 

FIG. 18C 



